This study compared the performance of female Holstein calves fed either whole milk (WM) or milk replacer (MR) having similar gross composition to WM. Calves (n = 20) were separated from their mothers within 2 h of birth, weighed, moved into individual pens, and fed colostrum (10% of their BW over 2 feedings daily) for the first 3 d. Calves were alternately assigned to either WM (n = 10) or MR (n = 10) and were fed using mobile plastic bottles. At each feeding, diluted MR was prepared in buckets by mixing 0.143 kg of MR powder (as-is basis) in 1 L of lukewarm water. Calves on both treatments were fed (1.8 L/feeding) for 4 times daily for the first 25 d of age. Feeding frequency was reduced to 3 times daily for next 5 d, then to 2 times daily for next 14 d, and then to once daily during the last 5 d of the preweaning period. Feed intake, growth, and health variables were monitored until calves were 70 d of age. Mean daily consumption of WM and MR was similar in both treatment groups (P = 0.74). Initial BW of calves fed either WM or MR was similar (42.1 ± 3.3 vs. 41.9 ± 2.9 kg, respectively; P = 0.83). Calves fed WM or MR daily consumed similar amounts of calf starter (1,019 vs. 1,056 g, respectively; P = 0.32), hay (121.5 vs. 126.3 g, respectively; P = 0.30), and water (5.2 vs. 5.0 kg, respectively; P = 0.54). At weaning (d 49) and postweaning (d 70), BW was greater (P = 0.03 and P = 0.02, respectively) in calves fed WM than in those fed MR. Mean DMI from both solid and liquid feeds was not affected by the treatments during the preweaning (P = 0.21) and postweaning (P = 0.16) periods. Body weight gain efficiency during preweaning and overall was improved (P = 0.001 and P = 0.002, respectively) in calves fed WM than in those fed MR. Health (days scoured, rectal temperature, respiratory score, and general appearance score) and serum chemistry variables (glucose, total protein, urea N, nonesterified fatty acids, and creatinine) in calves were not affected (P ≥ 0.12 and P ≥ 0.12, respectively) by the treatments. Even though gross composition of the MR and WM was similar, growth was greater in calves fed WM. Calves fed WM consumed similar amounts of DM and were heavier than those fed MR, probably because of better bioavailability (digestion and assimilation) of nutrients and availability of some unknown growth factors from WM.
INTRODUCTION
Appropriate and ample supply of nutrients for calves through liquid feed (milk or milk replacer) is essential for performance and welfare. Conventionally, dairy calves are separated from dams within few hours of their birth and receive a restricted amount (typically 10% of BW) of milk or milk replacer (MR) through a nipple or bucket. Poor growth and depressed behavior in conventionally fed calves were attributed to insufficient supply of nutrients from liquid feeds (Khan et al., 2007a,b) . Recently, many attempts were made to improve the supply of nutrients to calves through greater supply of milk in more-frequent meals (Jasper and Weary, 2002; Khan et al., 2007a,b) .
Under intensive dairy systems, whole milk (WM) is substituted with MR to feed dairy calves. Lee et al. (2008) reported that commercially available MR usually contains 18 to 20% CP and 10 to 15% fat (DM basis). For feeding, MR is diluted with lukewarm water to achieve 12.5% DM . Thus, a diluted MR supplied to calves contains 2.25 to 2.50% CP and 1.25 to 1.87% fat Cowles et al., Influence of equalizing the gross composition of milk replacer to that of whole milk on the performance of Holstein calves 2006) . At a similar feeding rate, WM-fed calves receive much greater amounts of both protein and fat than MR-fed calves. Low supply of nutrients is one of the primary factors limiting the growth of MR-fed calves compared with WM-fed calves (Lynch et al., 1978) . Greater fat content in MR was discouraged because fat deposition was negatively related to mammary development of heifers (Sejrsen and Purup, 1997; Tikofsky et al., 2001) . Furthermore, Kuehn et al. (1994) demonstrated a negative relationship between fat content of MR and starter consumption by calves. However, increased intake of energy in calves before 2 mo of age showed no negative effects on subsequent milk production (Brown et al., 2005) . Recently, Meyer et al. (2006a,b) demonstrated that elevated nutrient intake did not negatively affect mammary development in heifers. Furthermore, some fat deposition during the preweaning period can probably play a beneficial role to combat milk weaning stress in calves. We hypothesized that equalizing the gross composition of MR to WM may allow dairy calves fed MR to grow and perform similarly to the WM-fed calves. This study was conducted to compare feed consumption, growth, and health of Holstein calves fed either WM or an MR having similar gross composition to WM.
MATERIALS AND METHODS
All experimental procedures were reviewed and approved by the ethics committee on the use of animals in research, National Institute of Animal Science, Republic of Korea.
Calves, Management, Feeding, and Treatments
Holstein female calves (n = 20) born from June to July 2007 were separated from their mothers within 2 h of birth, weighed, and moved into individual pens (1.5 × 2.5 m; bedded with wood shavings) where they were fed colostrum at 10% of BW over 2 feedings daily for the first 3 d. Calves were alternately assigned to WM (n = 10) or MR (n = 10) treatments. Individual pens were interspersed evenly throughout the calf barn. Pens had solid iron rod sides, with openings in the front and rear to allow calves free access to calf starter and chopped mixed grass hay (MGH) from feeding buckets. Mixed grass hay contained 40% orchardgrass, 40% tall fescue, and 20% white clover (DM basis). Calves were provided free access to water from a bowl drinker in each pen.
At each feeding, diluted MR was prepared in steel buckets by mixing 0.143 kg of MR powder (as-is basis) in 1 L of warm (60 ± 2°C) water. The diluted MR was then cooled to 38 ± 1°C for feeding. Ingredient composition of MR is given in Table 1 . The WM was stored in a milk tank at 4 to 6°C after milking. Milk was placed in steel buckets and the temperature increased using a water bath to 38 ± 1°C before feeding to the calves.
The calves were fed either WM (n = 10) or MR (n = 10) using mobile plastic bottles (2-L capacity) fitted with soft rubber nipples. A steel bottle stand was attached to an iron rod at the front side of individual pens at 70 cm above the floor. At each feeding, a bottle containing WM or MR was fitted into the stand and removed after feeding. The bottles were washed using an iodine detergent after each feeding, dried, and stored in the inverted position. The calves received either 1.8 L of WM or diluted MR at each feeding throughout the preweaning period. The calves in both treatments were fed 4 times daily (at 0800, 1100, 1800, and 2300 h) for the first 25 d of age; feeding frequency was reduced to 3 times daily (at 0800, 1100, and 1800 h) for next 5 d (d 26 to 30), then to 2 times daily (at 0800 and 1800 h) for next 14 d (d 31 to 44), and then to once daily (at 0800 h) during the last 5 d (d 45 to 49) of the preweaning period. This feeding method was used to encourage solid feed consumption by the calves as demonstrated previously by Khan et al. (2007a, b) . Feed consumption, water intake, growth, and health variables of experimental calves were monitored until 70 d of age.
Sampling and Analysis
Daily consumption of WM or MR by the calves during preweaning period and their weekly BW were recorded throughout the experiment. Intakes of starter, MGH, and water were recorded daily throughout the experiment. Polythene sheets were attached around each feeding bucket to account for wastage of calf starter and hay. Weekly samples of calf starter, MGH, and refusals were analyzed for DM content (method 934.01; AOAC, 1990) by drying them at 60°C for 48 h. Dried AOAC, 1990) . Calcium and P were measured by inductively coupled plasma emission spectroscopy using an Atom Scan 25 Plasma Spectrometer (Thermo Jarrell Ash Corp., Grand Junction, CO) after acid digestion.
Milk replacer and diluted MR were analyzed for DM, CP, fat, crude fiber, ash, Ca, and P by the methods described above. Lactose in MR and diluted MR was determined by difference (100% − CP % − fat % − ash % − fiber % − carbohydrates %). Milk samples were analyzed with an MK2 Lactoscope (Delta Instruments, Drachten, the Netherlands). Chemical composition of WM, MR, diluted MR, calf starter, and MGH is presented in Table 2 .
Intakes of calf starter, MGH, solid feed DM, and water by the calves were calculated for preweaning (d 1 to 49), postweaning (d 50 to 70) and overall (d 1 to 70) periods. Preweaning, postweaning, and overall mean BW gain, total DMI (milk or MR solids, starter, and MGH) and gain efficiency (kg of BW gain/kg of total DMI) were also calculated. Body length (BL, distance between the points of shoulder and point of pin bone), heart girth (HG, circumference of the chest measured directly behind the front leg), withers height (WH, distance from base of the front feet to the withers), and hip height (HH, distance from base of the rear feet to hook bones) measurements of the calves were recorded at birth, at weaning (d 49), and at postweaning (d 70).
Jugular blood samples were collected 30 min before morning feeding (0730 h) weekly throughout the experiment in evacuated tubes (10 mL, BD Franklin Lakes, NJ) without anticoagulant. These samples were centrifuged at 1,000 × g for 20 min at 4°C, and serum was partitioned into aliquots and stored at −20°C until analyzed for concentrations of glucose (Glucose LiquiColor test, procedure no. 170, Stanbio Laboratory Inc., Boerne, TX), NEFA (NEFA-C kit, Wako Chemical, Dallas, TX), blood urea N (Urea Nitrogen kit, procedure no. 0580, Stanbio Laboratory Inc.), total protein (Total Protein LiquiColor, procedure no. 0345, Stanbio Laboratory Inc.), glutamyl-pyruvic transaminase (GPT, ALT/SGPT Liqui-UV test, procedure no. 2930, Stanbio Laboratory Inc.), glutamyl-oxaloacetic transaminase (GOT, AST/SGOT Liqui-UV test, procedure no. 2920, Stanbio Laboratory Inc.), lactate dehydrogenase (LDH, LDH Liqui-UV test, procedure no. 2920, Stanbio Laboratory Inc.), creatinine (Creatinine LiquiColor test, procedure no. 0420, Stanbio Laboratory Inc.), and triglycerides (Triglyceride LiquiColor Test, procedure no. 2100, Stanbio Laboratory Inc.) using a serum analyzer (Arco PC, Biotenica Instruments, Rome, Italy).
Health of calves was monitored using the procedure described by Heinrichs et al. (2003) . Scoring was as follows: for scour scoring, 1 = normal, 2 = soft to loose, 3 = loose to watery, 4 = watery, mucous, slightly bloody, 5 = watery, mucous, and bloody; for respiratory scoring, 1 = normal, 2 = slight cough, 3 = moderate cough, 4 = moderate to severe cough, 5 = severe and chronic cough; and for general appearance scoring, 1 = normal and alert, 2 = ears drooped, 3 = head and ears drooped, dull eyes, slightly lethargic, 4 = head and ears drooped, dull eyes, lethargic, 5 = severely lethargic. A scour day was recorded if the scour score was >3. Scours were also treated with electrolyte therapy (Eltradd, 3 g/L in drinking water; Byer Animal Health Co., Suwan, South Korea). Carbohydrate fractions other than lactose (i.e., mainly starch and oligosaccharides).
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Performance of calves fed milk or milk replacer
Statistical Analysis
Data on intake of starter, MGH, solid feed DM, water, and BW gain are expressed as means ± SEM. Overall differences in feed and water consumption were evaluated by means of Wilcoxon's 2-sample test (Zar, 1996) because of the lack of normal data distribution. Body weight, BW gain, skeletal growth, feed consumption, liquid feed (WM or MR) intake, gain efficiency, and health scoring data were analyzed by Student's t-test. For time and treatment differences, concentrations of blood metabolites were evaluated using the RANDOM and REPEATED methods of the MIXED procedure (SAS Inst. Inc., Cary, NC). Treatment (i.e., WM and MR) and time were used as fixed effects and the individual calves were used as random effects. For analyses of differences in time pattern between groups, the interaction (treatment × time) was included in the model. Treatment differences at specific time points were localized by Bonferroni t-test (P < 0.05).
RESULTS
Mean consumption of liquid feed, calf starter, MGH, and water by calves fed WM or MR during the preweaning and postweaning periods are given in Table  3 . Mean daily consumption of WM and MR was similar between treatments (P = 0.74). During preweaning and postweaning periods, the calves fed WM or MR consumed similar amounts of calf starter (P = 0.20 and P = 0.18, respectively), MGH (P = 0.20 and P = 0.25, respectively), and water (P = 0.22 and P = 0.64, respectively). Weekly mean intake of calf starter, MGH, solid feed DM, and water is given in Figure 1 . Weekly average consumption of calf starter, MGH, and water were similar (P ≥ 0.30) in calves fed either WM or MR throughout the experiment. Solid feed and water consumption by the calves fed either WM or MR increased (P = 0.001 and P = 0.002, respectively) with age. A pronounced increase in solid feed consumption was noticed both in WM-and MR-fed calves during weaning and within a few days of postweaning.
Mean BW, BL, HH, WH, and HG at birth, weaning, and postweaning (d 70) are presented in Table 4 . Mean BW, BL, HH, WH, and HG at birth were similar (P ≥ 0.67) in calves fed either WM or MR. Body weight of calves fed WM was greater than that of calves fed MR at weaning (d 49; P = 0.03) and postweaning (d 70; P = 0.02). Greater (P = 0.02) BW in WM-fed calves compared with MR-fed calves was observed at 3 wk of age, and the WM-fed calves maintained this growth advantage throughout the experiment ( Figure  2 ). Body length, HH, WH, and HG were also greater in calves fed WM than those fed MR at weaning (P = 0.04, P = 0.03, P = 0.04, and P = 0.03, respectively) and postweaning (P = 0.03, P = 0.03, P = 0.04, and P = 0.03, respectively).
Body weight gain, total DMI (from solid and liquid feeds), G:F, scour days, respiratory score, rectal temperature, and general appearance scores are given in Table 5 . Calves fed WM gained more (P = 0.02) BW during the preweaning period compared with those fed MR. Postweaning BW gain was similar (P = 0.47) in calves fed WM and MR during the preweaning period. Overall, BW gain was greater (P = 0.01) in calves fed WM than in those fed MR. The WM-fed calves gained 35.4 and 19.2% more BW than MR-fed calves during the preweaning period and overall during the experiment, respectively.
Mean total DM consumption from both solid and liquid feeds was similar in calves fed WM and MR during the preweaning (P = 0.21) and postweaning (P = 0.16) periods. Body weight gain efficiency during preweaning and overall during the studied period was better (P = 0.001 and P = 0.002, respectively) in calves fed WM than those fed MR. Days scoured, rectal temperature, respiratory score, and general appearance score were similar (P = 0.14, P = 0.76, P = 0.30, and P = 0.11, by Holstein calves fed whole milk (WM, n = 10) or milk replacer (MR, n = 10). At each feeding, diluted MR was prepared in steel buckets by mixing 0.143 kg of MR powder (as-is basis) in 1 L of warm water. The calves on both treatments were fed (1.8 L/feeding) 4 times daily for the first 25 d; feeding frequency was then reduced to 3 times daily for next 5 d; then to 2 times daily for next 14 d; and then to once daily during the last 5 d of the preweaning period. Intake of starter, hay, solid feed DM, and water were affected by time (P ≤ 0.01). Treatment and time × treatment effects were not significant for intake of starter (P = 0.30 and P = 0.40), hay (P = 0.30, and P = 0.42 respectively), solid feed DM (P = 0.33 and P = 0.34, respectively), or water (P = 0.55 and P = 0.59, respectively). Table 6 . Serum concentrations of glucose, total protein, urea N, NEFA, GOT, GPT, LDH, and creatinine were similar (P ≥ 0.12) throughout the experiment in calves fed WM or MR. Concentration of triglycerides was greater at d 21 (P = 0.03) and 28 (P = 0.02) in calves fed WM compared with those fed MR. The treatment × time interaction for serum triglycerides concentration in calves during experimental period was significant (P < 0.03). Serum triglycerides concentration in calves on both treatments was increased for the first 4 wk and, thereafter, gradually decreased with their advancing age. Serum concentrations of glucose, creatinine, and NEFA were decreased (P = 0.02, P = 0.02 and P = 0.03, respectively) and those of total protein, urea N, GOT, GPT, and LDH increased (P = 0.04, P = 0.02, P = 0.01, P = 0.01, and P = 0.03, respectively) with increasing age of calves fed either WM or MR. Treatment × time interactions for serum glucose, total protein, urea N, NEFA, GOT, GPT, LDH, and creatinine concentrations in calves during the experimental period were not significant (P ≥ 0.06).
DISCUSSION
Similar consumption of starter and hay in calves fed WM or MR may be ascribed to the similar feeding rate and method of liquid feed (WM or MR). Significant differences in solid feed consumption were previously reported when calves were offered restricted or ad libitum amounts of liquid feed (Jasper and Weary, 2002; Khan et al., 2007a, b) using nipples or buckets Figure 2 . Mean (±SE) BW in Holstein calves fed whole milk (Milk, n = 10) or milk replacer (MR, n = 10). At each feeding, diluted MR was prepared in steel buckets by mixing 0.143 kg of MR powder (as-is basis) in 1 L of warm water. The calves on both treatments were fed (1.8 L/feeding) 4 times daily for the first 25 d; feeding frequency was then reduced to 3 times daily for next 5 d; then to 2 times daily for next 14 d; and then to once daily during the last 5 d of the preweaning period. Body weight was affected by the treatment (P = 0.02) and time (P = 0.001); time × treatment interaction was not significant (P = 0.12) for BW of calves. *Means are different between treatments (P < 0.05). Table 5 . Body weight gain, total DMI, BW gain efficiency, scour days, rectal temperature, and respiratory and general appearance scores in Holstein calves fed 1 whole milk (WM, n = 10) or milk replacer (MR, n = 10) The calves on both treatments were fed (1.8 L/feeding) 4 times daily for the first 25 d of age; feeding frequency was then reduced to 3 times daily for next 5 d; then to 2 times daily for next 14 d; and then to once daily during the last 5 d of the preweaning period.
2 Total DMI included liquid feed (WM or MR), starter, and hay DM. 3 G:F = kg of BW gain/kg of total DMI. 4 Scour scoring: 1 = normal, 2 = soft to loose, 3 = loose to watery, 4 = watery, mucous, slightly bloody, 5 = watery, mucous, and bloody. Scour day considered if score >3. 5 Respiratory scoring: 1 = normal, 2 = slight cough, 3 = moderate cough, 4 = moderate to severe cough, 5 = severe and chronic cough.
6 General appearance scoring: 1 = normal and alert, 2 = ears drooped, 3 = head and ears drooped, dull eyes, slightly lethargic, 4 = head and ears drooped, dull eyes, lethargic, 5 = severely lethargic. Performance of calves fed milk or milk replacer (Hammell et al., 1988) . Church et al. (1980) noted that calves fed reduced amounts of WM consumed more forage to compensate for the decreased nutrient supply from milk consumption. Similarly, Abdelsamei et al. (2005) indicated that a decrease in MR consumption linearly increased the intake of hay by Holstein calves. These and other studies (Appleby et al., 2001; Jensen, 2004; Khan et al., 2007a ) described a negative relationship between liquid and solid feed consumption in calves during the preweaning period. In the present study, similar consumption of liquid feed from a nipple by calves fed either WM or MR resulted in similar solid feed consumption during the preweaning period. A rapid surge in starter consumption in both groups during weaning and within a few days of postweaning may be attributed to a hyperphagic response caused by the reduced supply of nutrients from WM or MR. Previously, Jasper and Weary (2002) and Khan et al. (2007a,b) described a similar trend of solid feed consumption in calves at weaning.
Greater BW gain at weaning in calves fed WM compared with those fed MR may be attributed to better bioavailability (digestion and utilization) of nutrients (protein and energy) from WM than from MR. Poor growth performance in MR-fed calves was previously attributed to the usage of heat-damaged protein sources (Lynch et al., 1978) , poor availability of amino acids (Kanjanapruthipong, 1998) , and inability of MR to form a firm clot in the abomasum (Lammers et al., 1998) . In this experiment, MR was formulated to provide equal amounts of energy (fat and lactose) and protein to that of WM. However, the quality (particularly of protein) and complete replacement of WM could not be approached. Availability of ideal protein (casein) and energy-yielding constituents (fat and lactose) along with other known (minerals, vitamins, enzymes, and hormones) and unknown growth factors probably resulted in greater BW gain in WM-fed calves compared with those fed MR. Several growth factors in milk have been demonstrated by Blum and Baumrucker (2002) . In the present study, inclusion of plant protein (soy protein concentrate and wheat protein concentrate) in MR probably depressed the growth of calves by limiting the supply of some indispensable AA. Furthermore, decreased apparent digestibility of protein (Montagne et al., 2003) and increased endogenous protein loss (Montagne et al., 2001 ) have been demonstrated with the inclusion of soybean and potato protein in MR to replace skim milk powder. Montagne et al. (2001) explained that the decreased apparent digestibility of the plant protein sources resulted more from an enhanced loss of host and bacterial endogenous proteins than from decreased hydrolysis of dietary protein and absorption of their AA. Moreover, plant storage proteins, as well as other components including antinutritional factors (e.g., proteinase inhibitors, antigenic proteins) may interact with the gut and modify the enzymatic digestion or absorptive capacity of the mucosa in neonatal calves (Montagne et al., 1999) . However, most antinutritional factors are inactivated by heat treatment, and antigenicity is greatly decreased by the hot aqueous ethanol treatment involved in production of soy protein concentrate (Lallès, 1993; Drackley et al., 2006) . Terui et al. (1996) demonstrated that wheat gluten can replace milk protein up to 50% in MR without compromising the growth of calves. In the present study, similar concentrations of total protein in plasma indicated that overall protein status was adequate. Although the AA composition of the diets was not determined, a low supply of Lys and Met might have depressed the growth of MR-fed calves. Greater G:F during the preweaning period in WM-fed calves compared with those fed MR also reflected better assimilation of milk constituents. However, daily BW gain during the preweaning period in calves fed MR was greater than that reported in calves fed restricted (Lynch et al., 1978; Lammers et al., 1998) or greater amounts of conventional MR .
Reduction in serum glucose concentration and increased concentration of blood urea N with advancing age in calves fed WM or MR indicated a normal physiological fuel shift with the initiation of rumen fermentation and functions (Khan et al., 2007c . Although lactose concentration (calculated by difference) in diluted MR (5.00%) was greater than in WM (4.81%), it did not affect the serum glucose concentration in calves. Previously, Wijayashinge et al. (1984) reported that feeding increased amounts of lactose, which is often added to low-fat MR, may cause increased plasma concentrations of glucose and insulin resistance because calves fed high-lactose/low-fat MR diets develop hyperglycemia, glucosuria, and insulin resistance. However, hyperinsulinemia after MR intake was markedly greater than after oral administration of lactose or oral and parenteral administration of glucose, indicating that factors other than lactose or glucose cause hyperinsulinemia (Hugi et al., 1997) . Greater serum triglyceride concentration in WM-fed calves on d 21 and 28 compared with calves fed MR may be ascribed to greater milk fat content and increased fat absorption in the former. Greater concentration of creatinine is an index of renal dysfunction; however, its concentration in the calves fed WM or MR was within the normal range (Hammon et al., 2002) and declined as calves grew older. Serum concentrations of total protein, GPT, GOT, and LDH were within normal and safe ranges (Khan et al., 2007a,c) .
Conclusions
Equalizing the gross composition of MR to that of WM did not equalize the growth of calves between diets. Although calves consumed equal amounts of liquid and solid feed DM when fed WM or MR, BW and body measurements were greater in calves fed WM than in those fed MR. Calves fed WM consumed less DM for a unit BW gain. Occurrence of diarrhea was similar in calves on both treatments. Inclusion of plant protein
